In Escherichia coli, the dinB gene is required for bacteriophage untargeted mutagenesis (UTM), an error-prone pathway observed when undamaged DNA infects SOS-induced E. coli cells (4, 55) . Overexpression of the dinB gene confers a mutator phenotype on the cells (22) . However, mutations in the dinB gene only caused a modest UV sensitivity phenotype, indicating that this gene product might not play a major role in the tolerance of DNA lesions introduced by UV irradiation into E. coli (22) . The genetic requirements for UTM include the recA, uvrA, uvrB, uvrC, and polA genes, as well as DNA polymerase III (DNA Pol III), in addition to dinB (22, 26) . However, when the dinB gene is overexpressed on a multicopy plasmid, these requirements for genes besides dinB for UTM are bypassed (22) . In 1999, it was discovered that the purified DinB protein has a template-directed, DNA-dependent DNA polymerase activity and it was designated the fourth DNA polymerase in E. coli (DNA Pol IV) (51) .
The DNA damage-inducible UmuDЈ and UmuC proteins are required for another type of SOS mutagenesis in E. coli (40) . UmuCD-dependent translesion DNA synthesis allows cells to replicate past DNA damage-induced lesions that would normally block the continuing polymerization by the major replication DNA polymerase (DNA Pol III) in E. coli. This translesion synthesis results in an increased mutation rate (21, 42) . The translesion DNA synthesis process requires the products of the SOS-regulated recA gene and the umuDC operon, which was originally identified by screening for E. coli mutants that were not mutable by UV light and other agents (21, 42) . The umuDC gene products are also known to be essential components of chromosomal UTM (9, 27) , a transient increase in the mutation frequency of chromosomal genes following induction of the SOS response (9, 27, 30) . In 1999, UmuC or UmuDЈ 2 C was discovered to be a template-directed, DNAdependent DNA polymerase that was designated the fifth DNA polymerase in E. coli (DNA Pol V) (34, 49) .
It has very recently become apparent that UmuC is the founding member of a superfamily of novel DNA polymerases that can replicate over lesions or operate on particular classes of imperfect DNA templates (47) . Both DinB and UmuC belong to this superfamily, which has been designated the Y family of DNA polymerases (32) . To date, the UmuC protein of E. coli is unique within the Y family in that its polymerase activity is managed and/or activated by the products of the umuD gene (27, 46) ; whether or not the activities of the other family members are similarly regulated is unknown. UmuC, when complexed with UmuDЈ 2 (the active form of UmuD), can replicate over abasic sites (34, 49) , thymine-thymine cyclobutane dimers, and photoproducts (48) . DinB protein can replicate templates possessing AP (apurinic-apyrimidinic) lesions in the template strand, often causing Ϫ1 frameshift mutations (51) .
Approximately 10 years ago, a series of experiments were initiated whose results have argued for the existence of adaptive or stationary-phase mutagenesis (6) . These observations of adaptive or stationary-phase mutagenesis in this particular E. coli FC40 system were the result of a specific frameshift mutation (5, 38) . This type of adaptive mutagenesis was dependent upon recombination functions (13, 18, 19, 37) , FЈ transfer functions (12, 15) , and a component of the SOS system (28) . Genetic evidence suggests that DNA Pol III (11, 17) and DNA Pol IV (28, 29) are responsible for the synthesis of errors that lead to these mutations. Recently, results have been presented that indicate that gene amplification, followed by mutations in transiently growing cells, is responsible for this specific type of stationary-phase mutagenesis (20, 39) .
Our laboratory has demonstrated the existence of stationary-phase mutagenesis in B. subtilis that does not require a functional RecA protein (44) . Furthermore, significant differences have been identified between E. coli and B. subtilis with respect to their SOS systems (54, 56) , types and activities of DNA polymerases (3) , and the parameters associated with error-prone repair capacities (58) .
Since DinB (DNA Pol IV) has been shown to be involved in at least one aspect of stationary-phase mutagenesis in E. coli (29) , we investigated whether B. subtilis possesses any members of the Y family and whether or not these proteins are involved in stationary-phase-induced mutagenesis in this bacterium. By using the DinB and UmuC protein sequences of E. coli to do a BLAST search (1) against the Bacillus Database (http: //genolist.pasteur.fr/SubtiList/), three genes were identified (uvrX, yqjH, and yqjW) (32) . UvrX is a UV damage repair protein that is believed to be part of the endogenous bacteriophage SP␤ (24) , and it has 25% identity to the E. coli DinB protein. YqjH has 36% identity to the E. coli DinB protein, and its function is unknown. YqjW has 26% identity to the E. coli UmuC protein, and its function is also undetermined. Other recent analyses of the Y family of polymerases in B. subtilis also concluded that UvrX, YqjW, and YqjH are potential Y polymerases (33) and are members of the UmuC grampositive subfamily (32) . The results presented here demonstrate that inactivation of the yqjH gene leads to a significant increase in UV sensitivity, a decrease in UV-induced mutagenesis, and a decrease in at least one aspect of stationary-phase mutagenesis while inactivation of the yqjW operon leads to a decrease in UV-induced mutagenesis.
(A component of the research presented here represents part of the degree requirements for C.A.R.)
MATERIALS AND METHODS
Strains and genetic manipulations. The bacterial strains used in these experiments are listed in Table 1 . B. subtilis YB955 is a prophage-cured strain that contains the hisC952, metB5, and leuC427 alleles (44, 57, 58) .
The procedures used for transformation and isolation of chromosomal and plasmid DNAs were described previously (7, 59) . B. subtilis strains were maintained on tryptose blood agar base medium (Difco Laboratories, Detroit, Mich.), and liquid cultures were routinely grown in PB medium (antibiotic medium 3; Difco) supplemented with appropriate antibiotics (10 g of kanamycin per ml and 5 g of tetracycline per ml). E. coli cultures were grown in LB (2) supplemented with 100 g of ampicillin per ml as needed.
Bacillus strains YB9400, YB9500, and YB9600 are isogenic derivatives of YB955 ( [16] ) was then inserted following use of the Klenow fragment enzyme (Promega) to fill in the single-stranded ends (2) . Strain YB9500 was constructed as described above, except that the cloned yqjW ϩ gene was used (http://genolist.pasteur.fr/SubtiList/). The yqjW ϩ gene was amplified by PCR and cloned onto plasmid pMK3 by using primer 5ЈCGCGGATCCGAGGTGTGTATGATGAAAGAA3Ј for the 5Ј end of the gene and primer 5ЈCGGAATTCCCACAGCAGGTTGCCCCTT3Ј for the 3Ј end. The PCR fragment was then ligated into pMK3 opened at the BamHI and EcoRI sites. The cloned yqjW ϩ gene on the pMK3 vector was treated with the restriction endonuclease SwaI, and the kanamycin cassette (cut with EcoRI from plasmid pDG783 [16] ) was then inserted following use of the Klenow fragment enzyme to fill in the single-stranded ends (2) . For cloning, E. coli strain DH5␣ (as described in reference 2) was used. Strain YB9600 was constructed by transforming YB9500 with genomic DNA isolated from strain YB9400 and selecting for resistance to the appropriate antibiotics. Gene disruptions were confirmed by PCR following separation of amplified fragments by gel electrophoresis (data not shown).
Procedure for UV mutagenesis assay. Twenty milliliters of cells was grown in Spizizen minimal medium (SMM; Spizizen minimal salts and 1ϫ SS [41] supplemented with 0.5% glucose, 50 g of the auxotrophic required amino acid per ml, and 50 g (each) of isoleucine and glutamic acid per ml) supplemented with the appropriate antibiotics in a nephloflask at 37°C with aeration (250 rpm) to mid-exponential phase. Bacterial growth was monitored with a Klett-Summerson colorimeter (no. 66 filter; Klett Mfg. Co., Inc., New York, N.Y.; 1 Klett unit Х 10 6 CFU/ml). The doubling time for B. subtilis strains grown under these conditions was approximately 55 min. The cells were harvested at 55 Klett units, pelleted at 10,000 rpm in a Sorvall GSA rotor (DuPont Medical Products, Newtown, Conn.) at 4°C for 10 min, and resuspended in 5 ml of 1ϫ SS. The cells were then transferred into sterile glass petri dishes (100-mm diameter) for UV irradiation. The flux of the UV irradiation was 83 W/m 2 (as measured with a Blak-Ray no. J225 UV meter). The cells were exposed to UV light, with stirring, at various fluences in order to generate a survival curve where the killing did not exceed 90%. Following UV irradiation, the cells from each experiment were plated in sextuplicate on SMM that was deficient in histidine (in order to select for His ϩ revertants). The selecting SMM actually contained two of the auxotrophic required amino acids, leucine and methionine (50 g/ml), and a subgrowth amount of histidine (200 ng/ml), as well as 0.5% glucose and 50 g each of glutamic acid and isoleucine per ml (for viability [45] ). The total viable cell numbers were determined following titration and then growth on SMM that contained all of the required nutrients. The plates were incubated at 37°C. After 24 h, the viable count was recorded. The His ϩ revertants were scored and recorded after 48 and 72 h of incubation. The number of revertants recorded after 72 h of incubation was used to determine the UV-induced mutation frequencies.
Stationary-phase mutagenesis assay. Procedures for the stationary-phase mutagenesis assay were as previously described (44) . Essentially, 10 ml of cells was grown in PB medium supplemented with appropriate antibiotics in a nephloflask at 37°C, with aeration (250 rpm), to 90 min after the cessation of exponential growth (designated T 90 ). Bacterial growth was monitored with a Klett-Summerson colorimeter (no. 66 filter). The cells were harvested by centrifugation at 10,000 ϫ g for10 min (room temperature) and then resuspended in 10 ml of 1ϫ SS in order to reduce the amount of trace nutrients. The cells were then plated in quintuplicate and incubated at 37°C on SMM (supplemented with 0.5% glucose, either 50 or 200 ng of the required amino acid per ml, and 50 g (each) of isoleucine and glutamic acid per ml). The experiments were repeated at least three times. In addition, each time an isogenic derivative of strain YB955 was examined for the ability to perform stationary-phase mutagenesis, a YB955 control was tested simultaneously. The concentration of the amino acid used depended upon the reversion that was being selected. For instance, when selecting for His ϩ revertants, 50 g (each) of methionine and leucine per ml and 200 ng of histidine per ml were added to the medium. Isoleucine and glutamic acid were added as described previously (45) in order to protect the viability of the (44) . The initial number of bacteria plated for each experiment was determined by titration, and the cells were grown on a minimal medium containing all three essential amino acids. The survival rates of the bacteria plated on the minimal selective media were determined by removing bacterium-containing media from the selection plates (44) . In these experiments, three agar plugs were removed from each selection plate every day. The plugs were removed by using sterile Pasteur pipettes and taken from areas of the plates in which no growth of revertants was observed. The plugs were suspended in 400 l of 1ϫ SS, mixed, diluted, and plated on SMM containing all of the essential amino acids (50 g/ml). Again, the numbers of colonies were determined following 48 h of growth at 37°C.
Growth parameters of prototrophic revertants. About 500 of the revertant (e.g., His ϩ , Leu ϩ , or Met ϩ ) CFU per ml (revertants isolated as described above in adaptive mutagenesis experiments) were mixed with 10 8 CFU of strain YB955 or the strain from which they had been isolated per ml in order to determine the growth parameters of these mutants. Next, 100 l of these mixed populations of cells were plated on the specific SMMs that are used to select for the revertant types (e.g., His
Ϫ , Leu Ϫ , or Met Ϫ , as described above for adaptive mutagenesis experiments) and the cells were incubated at 37°C. The colony number on each plate was checked and recorded after 48 h of growth.
Analysis of mutation rates. The growth-dependent reversion frequencies for the His ϩ allele were measured by fluctuation tests as previously described (44) . Specifically, in order to determine the mutation rates of various strains, the bacteria were grown to saturation at 37°C, with aeration, in PB medium. The saturated cultures were diluted 10 Ϫ4 -fold into fresh PB medium before being dispensed into 18-mm test tubes (1 ml in each tube). For these experiments, 38 of the 18-mm test tubes, each containing almost the same number of cells, were incubated overnight to saturation (with aeration at 37°C). The saturated cultures were pelleted and resuspended in 100 l of 1ϫ SS medium, and the cells were spread onto the appropriate selection media. 
RESULTS
Absence of the uvrX gene in YB955. Following a BLAST search (1, 32) for the E. coli DinB and UmuC protein sequences in B. subtilis (http://genolist.pasteur.fr/SubtiList/), three proteins were identified (UvrX, YqjH, and YqjW). UvrX has 25% identity to the E. coli DinB protein. uvrX is a 1,248-bp gene that encodes a UV damage repair protein. The uvrX gene is believed to be part of the genome of the B. subtilis endogenous prophage SP␤ (24). This conclusion was supported by our inability to amplify the uvrX gene from B. subtilis strain YB955 by PCR with primer 5ЈCGGGATCCACATACAATG ATTGATTACTCAC3Ј for the 5Ј end of the gene and primer 5ЈCGGAATTCATCTTAACTCTTATGCCCACCTG3Ј for the 3Ј end (data not shown) since this strain is cured of prophage SP␤ (57, 58) . In order to rule out the possibility that our inability to amplify the uvrX gene from YB955 was the result of a primer design problem, the uvrX gene from B. subtilis strain BR151 (57) was subjected to PCR amplification. The primers described above were able to amplify the uvrX gene from prophage-carrying strain BR151, the parent of strain YB955. Contrary to the results obtained with the uvrX gene, the appropriate primers (see Materials and Methods) were able to amplify the yqjH and yqjW genes following PCR amplification of the DNA isolated from strain YB955 (data not shown).
UV-induced mutagenesis. YqjH and YqjW are homologs of the E. coli Y family of DNA polymerases that are responsible for major aspects of SOS-induced mutagenesis in E. coli, especially UTM (23, 27, 48, 52) . The structure of the YqjH protein is similar to that of a DNA damage repair protein, and the structure of YqjW is similar to that of ATP/GTP binding proteins (http://genolist.pasteur.fr/SubtiList/). However, both proteins have been placed in the UmuC gram-positive subfamily of the Y superfamily of polymerases (32) . (Fig. 1 ). On the basis of the data obtained from the UV survival studies, the ability of irradiation to induce mutagenesis was calculated. As described in Materials and Methods, the isogenic set of strains was irradiated and then plated on selection medium to quantitate the number of His ϩ revertants induced (Fig. 2) . The results indicated that the absence of functional YqjH or YqjW protein significantly reduced the number of His ϩ revertants following UV irradiation (Fig. 2) . The results demonstrated that loss of a functional yqjH gene had a more pronounced effect on the reduction of UV-induced mutagenesis than did loss of the yqjW gene. For instance, at the 20% survival level, strain YB9500 (yqjW) lost about 50% of the UV-induced revertants while, at that same level of survival, strain YB9400 (yqjH) showed a 70% reduction in the number of UV-induced revertants (Fig. 2) . In addition, strain YB9600 (yqjH yqjW) appeared to be as deficient in the UV induction of His ϩ revertants as strain YB9400 (yqjH). Thus, loss of the yqjW gene does not further reduce the ability of cells lacking the yqjH gene to generate UV-induced mutations.
Effect of YqjH on stationary-phase mutagenesis. In one of the E. coli systems used to measure stationary-phase mutagenesis, inactivation of DNA Pol IV has been shown to significantly decrease the appearance of mutations (29) . We have previously established the existence of a stationary-phase mu- (44) . Therefore, we tested the ability of strains YB955, YB9400, YB9500, and YB9600 to generate stationary-phase mutants. As demonstrated by the results shown in Fig. 3 , the absence of a functional YqjH protein significantly decreases the number of His ϩ revertants generated during stationary-phase mutagenesis. However, the absence of a functional YqjW protein had no effect on the number of His ϩ stationary-phase mutants that were generated. The reduction in the number of His ϩ stationary-phase mutants generated by strain YB9400, compared to the other members of the isogenic set, cannot be attributed to decreased survival of this strain on the selection medium, as shown by the results in Fig. 4 . In contrast to the results obtained for the generation of stationary-phase His ϩ revertants, neither YqjH nor YqjW had an effect on the number of Leu ϩ revertants generated via stationary-phase mutagenesis (data not shown).
In order to rule out the possibility that the results described above were due to the slow growth of the His ϩ revertants generated in the strains carrying the inactivated yqjH and/or yqjW genes, a reconstruction experiment was performed (see Materials and Methods). Six His ϩ revertants that appeared after 6 days of incubation in the stationary-phase mutagenesis experiments were isolated (two each of YB9400, YB9500, and YB9600). As described in Materials and Methods, approximately 500 CFU of these revertants was mixed with 10 8 CFU of the strain from which they had been isolated. These mixtures of cells were then plated on the appropriate selection media, and the numbers of His ϩ colonies that arose after 48 h of incubation were scored. As expected, for each revertant checked, approximately 50 His ϩ colonies were detected after 48 h of incubation. Thus, the late-arising, stationary-phasegenerated His ϩ revertants did not have any slow-growth physiological defects. Therefore, these results confirmed that the role played by the yqjH gene in stationary-phase mutagenesis was not due to physiological changes in the growth parameters of the revertants. YB9400, YB9500, and YB9600 were also tested for the ability to generate His ϩ revertants during exponential growth. The data in Fig. 5 demonstrate that the growth-dependent mutation rates of all of these strains are similar. Thus, the presence or absence of YqjH and/or YqjW does not affect the spontaneous mutation rates of these bacteria.
DISCUSSION
For more than a decade, there has been considerable interest in a phenomenon that has been called adaptive or stationary-phase mutagenesis. The result of the mechanism(s) responsible for this phenomenon is the production of mutations that arise in nondividing or stationary-phase bacteria when the cells are subjected to nonlethal selective pressure, such as nutrient-limited environments (6, 10, 20, 36) . We have previously demonstrated the existence of stationary-phase mutagenesis in B. subtilis (44) . The system that we characterized by using strainYB955 and isogenic derivatives was not dependent upon a functional RecA protein or on the presence of the B form of the RNA polymerase. However, at least two transcription factors that are involved in the regulation of differentiation and development in this bacterium (ComA and ComK) did influence the eventual production of stationary-phase-induced mutations. Furthermore, the three auxotrophic alleles that are present in strain YB955 did not appear to be reverted during stationary-phase mutagenesis by the same molecular mechanisms. On the basis of those results, we have advanced the hypothesis that during periods of environmental stress, such as those found in nutrient-limited stationary-phase cells, subpopulations are differentiated within a culture in order to generate genetic diversity (44) . We proposed that within these subpopulations, mutation frequencies are increased (hypermutability) by the suppression of DNA repair systems and/or the activation of mechanisms that would increase the introduction of DNA damage into the genome. In order to test this hypothesis, we have continued to elucidate the genes that control the differentiation of these subpopulations and we have begun to analyze which aspects of DNA metabolism might be involved in the generation of hypermutability.
While it is always tempting to extrapolate back to results obtained with the E. coli model system, in the case of DNA polymerases, there are clear and important differences between the types of polymerases found in the low-GC grampositive bacteria and what is known about E. coli (3) . However, the UmuC/DinB or Y superfamily of DNA polymerases still appeared to be a logical starting point for examination of the hypermutability putatively associated with stationary-phase mutagenesis. These polymerases have been associated with error-prone repair and UTM (4, 14, 34, 49, 55) . We first sought to define whether or not representatives of the Y family of proteins are present in B. subtilis by performing the BLAST search described above. Our results, along with those of Ohmori et al. (32) and Permina et al. (33) , demonstrated that three potential members of that family could be identified in the genome of this bacterium: uvrX, yqjH, and yqjW (http: //genolist.pasteur.fr/SubtiList/) (24) . Actually, Permina et al. (33) suggested that a fourth gene, yozK, may also code for a member of this family of polymerases and that this gene is associated with an endogenous prophage. PCR analysis of chromosomal DNA isolated from strain YB955 demonstrated that this strain contained yqjH and yqjW but did not contain uvrX (data not shown). These data are in agreement with the conclusion that the uvrX gene is part of the genome of the endogenous prophage SP␤ and that strain YB955 is cured of this prophage (24, 57, 58) .
Next, the yqjH and yqjW genes were cloned via PCR and inactivated in the bacterial chromosome by insertion of antibiotic resistance determinants as described in Materials and Methods (Table 1 ). Strains carrying one or both of these inactivated genes were then examined for sensitivity to UV irradiation, the ability to generate UV-induced mutations, and the ability to generate stationary-phase-induced mutations. The absence of the YqjH protein (a protein that has 36% identity to the DinB protein [DNA Pol IV] of E. coli) rendered the bacteria significantly more sensitive to UV irradiation (Fig. 1) , severely reduced their ability to generate UV-induced revertants to the hisC952 allele (Fig. 2) , and reduced their ability to generate stationary-phase revertants of the hisC952 allele ( Fig.  3 and 4) . On the other hand, the absence of the YqjW protein (a protein that has 26% identity to the UmuC protein [DNA Pol V] of E. coli) did not appear to increase the sensitivity of B. subtilis to UV irradiation (Fig. 1) . While loss of the YqjW protein did decrease the ability of the bacteria to generate UV-induced reversions of the hisC952 allele, it had no effect on the induction, by stationary-phase mutagenesis, of the reversion of that allele ( Fig. 2 and 3) . Furthermore, loss of YqjH, YqjW, or both proteins had no effect on the induction, by stationary-phase mutagenesis, of reversion of the leuC427 allele (data not shown). These results again suggest that more than one molecular mechanism is involved in the generation of stationary-phase mutations in B. subtilis (44) . As mentioned above, there is evidence that, in the E. coli FC40 system for measuring stationary-phase mutagenesis, gene amplification of leaky alleles, followed by mutations in the transiently growing cells, is responsible for the observed revertant colonies (20, 39) . Previous analysis (44) demonstrated that the revertants generated via the characterized B. subtilis stationary-phase mutagenesis system(s) were not dependent upon the presence of a functional recombination system, nor were they phenocopies (i.e., accumulation of leaky mutations). DNA sequence determinations showed that the hisC952 allele was the result of a transition (C3T at position 952 bp) in the gene that encodes the histidinol-phosphate aminotransferase. This transition resulted in Gln being mutated to an amber codon. Additional data obtained revealed that both transitions and transversions at the three base pairs within this codon (bp 952 to 954) could yield functional His ϩ revertants. Mutations that caused the amino acid Gln, Lys, Trp, or Tyr to be placed in the protein (at the site of termination caused by the amber mutation) could restore the hisC gene to functionality (44) . In addition, approximately 20% of the His ϩ revertants generated during exponential growth and 6% of those generated during stationary-phase mutagenesis were nonsense suppressor mutations. Thus, there is a considerably wide spectrum of mutations, in at least two genes (the hisC gene and the gene[s] responsible for extrachromosomal suppression of the amber mutation), that can result in the generation of His ϩ mutants. Also, neither loss of the YqjH protein nor loss of the protein(s) made by the yqjW operon affected the spontaneous His ϩ mutation frequency (Fig. 5) , and the His ϩ revertants that were generated in all of the isogenic strains demonstrated normal growth characteristics (see Results). Therefore, we conclude that the decrease in His ϩ mutations observed following stationary-phase mutagenesis and/or UV-induced mutagenesis in yqjH and yqjW mutant strains is due to the direct effects of these proteins on the mutagenesis processes.
It is important to note that both the yqjH and yqjW genes were inactivated by insertion of an antibiotic resistance determinant into the middle of each gene (see Materials and Methods). Accordingly, a knockout of each gene could actually lead to the loss of any other gene downstream within the same operon. In the case of yqjH, the only other gene that might be affected is yqjI, a gene of unknown function that is similar to that which encodes 6-phosphogluconate dehydrogenase (http://genolist.pasteur.fr/SubtiList/). Northern hybridizations demonstrated that the expression of yqjI was not affected by knockout of the yqjH gene in strain YB9600 (data not shown). Furthermore, DNA sequence analysis strongly suggests that yqjH and yqjI are not in the same operon (24) . The yqjW gene appears to be part of an operon that is a member of the DNA damage-inducible SOS regulon of B. subtilis (8, 33) . Northern hybridizations suggest that very little transcription of yqjW occurs without DNA damage (data not shown). Furthermore, it has been suggested that the yqjW operon is somewhat homologous to the umuDC operon of E. coli and that the other gene(s) in this operon is functionally equivalent to the UmuD subunit of DNA Pol V from this gram-negative bacterium (33) . We are now in the process of sequentially testing the other potential gene(s) within the yqjW operon to determine if it is responsible for the decreased UV-induced mutagenesis phenotype that we have described.
As previously mentioned, the role of DNA Pol IV in a type of stationary-phase mutagenesis in E. coli has already been described (29) . The gene that encodes this polymerase, dinB, is a member of the SOS regulon (14) . In the B. subtilis system that we have described, the presence or absence of the RecA protein, a protein essential for the induction of most of the phenomena associated with the SOS regulon of this bacterium (56) , has no discernible effect on stationary-phase-induced mutagenesis (44) . Sequence analysis of the promoter-operator region of the yqjH gene, whose product has similarities to E. coli DNA Pol IV and is involved in stationary-phase-induced mutagenesis in this bacterium (Fig. 3) , shows no obvious DinR (B. subtilis homolog of LexA) or SOS regulatory binding site (8, 53) . However, it is possible that this gene is still part of the SOS regulon since in B. subtilis, type II and III DNA damageinduced SOS phenomena can sometimes be induced in the absence of a functional RecA protein (56) . Thus, we cannot eliminate the possibility that the SOS regulon is a contributor to stationary-phase mutagenesis in B. subtilis. However, if the SOS system is involved in the generation of mutations via the stationary-phase mechanism(s), then it must affect phenomena that are not directly controlled by the RecA apoprotease activity on the DinR SOS repressor (31, 53, 54) . On the other hand, the yqjW operon (the gene[s] that encodes the putative homolog of E. coli DNA Pol V) is involved in the generation of UV-induced mutations and does appear to have a functional DinR-SOS binding site in its promoter-operator region (8, 33, 53) but has not been shown to play any role in B. subtilis stationary-phase-induced mutagenesis.
The results presented in this report again demonstrate important differences in DNA metabolism between gram-negative bacteria and low-GC gram-positive bacteria. For instance, the apparent B. subtilis DNA Pol IV homolog (YqjH) is significantly involved in the survival of the bacteria following UV irradiation (Fig. 1) , while this is not the case for DinB in E. coli (22, 29) . Also, it is possible that both the yqjH gene product and the product(s) associated with the yqjW operon are involved in the bypassing of similar types of lesions in B. subtilis DNA since loss of these two genes does not reduce the number of UV-induced mutants below the level seen in strains carrying the single yqjH knockout (Fig. 2) .
Taken collectively, the data presented in this report do support the hypothesis that stationary-phase-induced mutagenesis occurs via more than one molecular mechanism in B. subtilis. Specifically, in the stationary-phase-induced mutagenesis system that has been used, the yqjH gene product appears to play an important role in the generation of a majority of the His ϩ revertants but not in the generation of the Leu ϩ revertants. Accordingly, our research remains focused on elucidation of the prokaryotic developmental pathway(s) that controls stationary-phase mutagenesis, as well as on the specific mechanism(s) involved in this process(es).
